Specific restriction endonucleases were detected in three serotypes of Salmonella spp. isolated from humans in Japan from 1970 In a previous paper, we showed that isoschizomers of restriction endonuclease PstI were detected at a high frequency in Yersinia enterocolitica serotype 08 strains of different origin but not in other serotypes of Y. enterocolitica, Yersinia pseudotuberculosis, or Yersinia pestis (12) . The result indicates that the detection of the isoschizomer or the gene could be useful for studying the epidemiology of yersiniosis, since serotype 08 is the prominently pathogenic serotype of Y. enterocolitica (6, 16) . In this study, we expected and found that some epidemiologically important serotypes of Salmonella spp. produced specific restriction endonucleases at high frequencies as was the case with Y. enterocolitica serotype 08.
Screening of restriction endonucleases in 120 Salmonella strains of human origin was carried out in detail by using the lysozyme lysis method, a safe and convenient method for detection of restriction endonucleases in pathogenic bacteria (11, 13) . Results of preliminary experiments on the screening were previously reported in Japanese in our institutional journal (9) . All of the Salmonella strains tested were isolated from stool specimens of different patients or carriers in several hospitals in Tokyo in 1971 and classified into 21 different serotypes. Species or serotypes of these Salmonella spp. were identified by the method described previously (22) . The number of Salmonella strains tested in each serotype for the occurrence of restriction endonucleases was as follows: S. typhimurium, 23 strains, S. thompson, 21; S. bareilly, 11; S. derby and S. schwarzengrund, 10 each; S. enteritidis, 9; S. blockley, 6; S. give, 5; S. anatum and S. sofia, 4 each; S. infantis, 3; S. agona, S. senftenberg, S. meleagridis, and S. livingstone, 2 each; S. isangi, S. bredney, S. kottbus, S. montevideo, S. panama, and S. heidelberg, 1 each.
Of these 120 strains tested, 26 restriction endonucleaseproducing strains were detected when bacteriophage X DNA was used as a substrate: 14 strains in S. thompson; 3 strains each in S. infantis and S. blockley; and 1 strain each in S. typhimurium, S. anatum, S. schwarzengrund, S. isangi, S. bredney, and S. bareilly. Although the lysozyme lysis method is safe and convenient, it is not a very sensitive method for the detection of restriction endonucleases. Thus, * Corresponding author. the possibility exists that some restriction endonucleases with low activities in the tested strains were overlooked. However, the above-mentioned results strongly suggest that restriction endonuclease-producing strains may be detected at high frequencies in S. infantis, S. thompson, and S. blockley strains of human origin, in spite of the limited number of strains tested. If so, the detection of restriction endonucleases could be useful for studying the epidemiology of salmonellosis caused by these three strains, since these serotypes were frequently isolated from affected humans worldwide. For example, S. infantis and S. thompson ranked 3rd and 5th among the 10 worst serotypes isolated from patients with salmonellosis in 1986 in Japan (7). S. blockley is also frequently isolated from cases of this illness (7), although it ranked lower (12th) than S. infantis and S. thompson. A similar trend is observed in salmonellosis elsewhere in the world (17, 20) .
Only one restriction endonuclease was detected in each of the three serotypes: an isoschizomer of AvaIl in S. infantis, an isoschizomer of KpnI in S. thompson, and an isoschizomer of StyI in S. blockley. All of the restriction endonucleases tested were stable during the purification procedures at 4°C and storage at -20°C for at least 6 months. One of the endonucleases from S. thompson designated SthI was purified, and its cleavage site was determined to be G/GTACC, which is identical to that of Asp718I but not that of KpnI. The KpnI endonuclease recognizes the same sequence as the other two endonucleases, but cleaves it in a different way, i.e., GGTAC/C (3, 19) . Purification and characterization of SthI are described in detail elsewhere (13) . Sequencing analysis of the cleavage site on X DNA of an endonuclease from S. blockley showed that the restriction endonuclease cleaved the same site as StyI, i.e., C/CWWGG (data not shown). The cleavage sites of endonucleases from S. infantis found in our laboratory have not been determined. However, the site seems to be identical to that of AvaII, since SinI endonuclease in the S. infantis deWaard strain cleaved the same site as did Avall, i.e., G/GWCC (5, 8, 14, 18) . This strain was accidentally isolated as a contaminant in a culture of Serratia marcescens Sb (4) during purification of SmaI endonuclease (8) . Cleavage patterns of X DNA by representative Salmonella endonucleases, as well as by the corresponding isoschizomers, are shown in Fig. 1 To test the widespread occurrence of a specific restriction endonuclease in S. infantis, S. thompson, and S. blockley, about 100 strains of each serotype isolated from separate individuals in Japan from 1970 to 1987 were first tested by the lysozyme lysis method and then were confirmed by a polyethyleneimine precipitation method (15), a more sensitive method for the detection of restriction endonucleases. Many restriction endonuclease-positive strains were detected in S. infantis, S. thompson, and S. blockley (Table 1) . Again, only one specific restriction endonuclease was found in each serotype. More than 90% of S. infantis strains and about one-third of S. thompson and S. blockley strains were shown to be restriction endonuclease positive. A correlation between the occurrence of endonucleases and the virulence of these strains has not been established.
In S. infantis, restriction endonuclease-positive strains were always detected at a high frequency in every 5-year period from 1970 to 1986 ( untested whether these trends in S. infantis and S. thompson are universal.
As for S. blockley, the comparison of the occurrence of restriction endonucleases with year of isolation was impossible, since more than 90% of the tested strains were isolated from 1984 to 1987. As described above, the recognition sequence of endonuclease from S. blockley is identical to that of Styl endonuclease originally detected in Salmonella typhi 27 (1, 2, 10, 21) . The structural gene for StyI is carried on a multicopy 5.0-kilobase small plasmid (21) . Since no restriction endonuclease-positive strains except for S. typhi 27 were found in more than 60 different S. typhi strains tested (K. Mise, unpublished results) and since StyI isoschizomers were detected at a high frequency in S. blockley (Table 1) , it is reasonable to suppose that the gene for StyI might be derived from S. blockley.
